Deficits in memory consolidation have been reported in adult patients with epilepsy but, not to our knowledge, in children. We report the long-term follow-up (9 y. o. to 18 y. o.) of a boy who suffered from temporal lobe epilepsy and underwent a left temporal lobectomy with amygdalo-hippocampal resection at the age of 10. He showed an abnormal forgetting rate when trying to encode new information and a significant deficit for retrieving remote episodic memories (when compared with his twin brother), both consistent with a consolidation disorder. His memory condition slightly improved after cessation of the epilepsy, nevertheless did not normalize. No standard memory assessment could pinpoint his memory problem, hence an adapted methodology was needed. We discuss the nature of the memory deficit, its possible causes and its clinical implications.
Introduction
Memory problems are often reported by parents and teachers taking care of children suffering from epilepsy. They are more frequent in children with partial epilepsies (particularly those of temporal origin) than in primary generalized epilepsies. The evaluation of memory disorders in children with temporal lobe epilepsy is important since this epilepsy may be significantly improved or cured by epilepsy surgery in a certain number of cases.
Clinical experience strongly suggests that children with temporal lobe epilepsy (TLE) have difficulties consolidating newly acquired information (although they usually do not have a total amnesic syndrome nor major problems in daily life). However, subtle memory deficits are very hard to exclude. For practical reasons and convenience, memory functions are usually assessed with standard tests that are submitted to the patient within a day at the consultant's office. Thus, the recall of the information that has been learned is generally asked for after a short delay (30 to 60 minutes but very seldom a few hours or later), hence preventing the evaluation of the consolidation of this new knowledge after longer term recall. In adult patients, the study of the consolidation process is only a rather recent field of investigation [1 -5] . It has been shown that the loss of autobiographical memories for variable remote periods of time can occur in spite of what seems to be a normal anterograde memory. These studies aimed to pinpoint the fact that a patient could normally encode a new information and recall it after a few minutes or even a few hours, but nevertheless still fail to recall it after a longer time frame, such as 24 hours [5] , a few days [1] or even two weeks [3, 6] . To our knowledge, there are no previous published studies of memory consolidation in the context of childhood epilepsy. It is important to distinguish between the memory problems that are due to the underlying pathology itself and the direct effects of epileptic activity originating in memory structures (and spreading locally or at distance). Herefore, correlative longitudinal studies of the epileptic activity and its influence on memory performances are necessary although they are difficult to carry out. A unique opportunity to approach the issue of memory consolidation in children was given us by the following situation. Our patient was a boy who suffered from left TLE and whose mother reported a poor autobiographical memory since the onset of the epilepsy. We followed him before and after the epilepsy surgery over a 10 year period.
Case Report
JE, a left-handed (dizygotic) twin boy born in March 1986 was first seen in our Neuropaediatric Unit in January 1995 at the age of 9 because of episodes in which he had smelled bad odours over the previous 1½ year. The phenomenon occurred with increasing frequency and woke him up from his sleep. During these episodes, which lasted 15 -20 minutes and occurred about once a month, he was pale and also complained of abdominal pain and pulsatile headaches (with neither phono nor photophobia). The latter could also occur independently, without loss of contact and no automatism. The whole phenomenon led to great exhaustion. Neurological examination was normal. Since these first symptomatic manifestations, he had been followed by a child psychiatrist for a year for an anxiety disorder which expressed itself by sleep disturbance and separation problems. Before the onset of presumed epilepsy, his developmental milestones were normal and his mother did not report any problem or difference from his twin brother concerning his memory, academic or language skills. She noticed the difficulty he had remembering what had been seen or read in class and also for the recall of personal events when he was attending first grade, i.e., one year before the first seizures appeared. Since the onset of these symptoms, his school achievement became very erratic: he had difficulties recalling new information (especially about environment, geography, science, history and "some life situations"). This probably would increase the days following the paroxysmal episodes with abnormal smells. He never experienced periods of intermittent amnesia nor confusional state that could have suggested a transient epileptic amnesia as reported in some adults with TLE.
A waking EEG (January 1995) was abnormal with intermittent generalized slow waves on a normal background and one burst of focal slow waves with spikes in the left frontal region at onset of hyperventilation. A diagnosis of partial epilepsy with olfactory hallucinations associated with migraine was then considered. Brain MRI (Fig. 1) showed an asymmetry in the left amygdaluncinate region which appeared larger on the left side with a slight asymmetry of the temporal horns (left side smaller). There was no pathology at the level of the hippocampi and no contrast enhancement. A medial temporal malformation was suspected. PET scan showed decreased metabolic activity in the left anterior and medial temporal region and SPECT showed decreased perfusion in the same region. Carbamazepine was started and gradually increased to 600 mg per day. Although the episodes of bad smell decreased initially by about 50 %, JE still kept on having occasional headaches and abdominal pain and often suddenly complained of not feeling well.
A first neuropsychological assessment at the age of 9 showed a normal intelligence (VIQ: 93, PIQ: 102, FSIQ: 97), normal praxis and visual gnosias, normal academic skills, but a slight word finding difficulty. The memory exam was normal both for shortterm memory and anterograde memory when assessed with a standardised battery for children [7] with a delay of one hour between encoding and recalling phases. Unfortunately a later recall of the information was not investigated, hence preventing from knowing whether the new material stabilised in memory as time passed by. On the other hand, an autobiographical questionnaire based on family events built with the mother's help managed to pinpoint the fact that JE recalled less personal remote events than his twin brother (9 vs. 37 events).
Because of an unsatisfactory response to antiepileptic treatment and academic difficulties together with good clinicopathological (MRI) and EEG correlations with seizure symptomatology, and the presence of a surgically resectable lesion, a left temporal lobectomy with amygdalo-hippocampal resection was performed when the child was 10 (May 1996), three years after the onset of the epileptic symptoms and about two years after medical therapy was started. Histopathology showed neuronal dysplasia. Since the time of surgery and until the 18 y. o. follow-up, he never experienced any recurrence of olfactory hallucinations, vegetative symptoms nor any other paroxysmal phenomena. Carbamazepine was decreased to 300 mg per day and completely stopped one year after surgery. Then he repeated 5th grade and later managed to finish compulsory school. His grades were just satisfactory and school work was considered hard. A second neuropsychological assessment was carried out one year after surgery and showed a slight decrease in the learning of verbal information when compared to the exam done before surgery, however with no significant recall deficit after a 45 minute delay. Unfortunately a longer delay was not tried at that time. On the other hand, visual information encoding improved since the previous exam, and recall was still in the normal range after a delay of 45 minutes. However, the information could decay shortly afterwards, hence the persistent complaint about forgetting personal events was the only data that could be confirmed and demonstrated suggesting a consolidation disorder (remote memory questionnaire: JE: 8/22 events vs. twin: 16/22).
A long term follow-up was carried out at the age of 18 and will be described below. A simultaneous control waking and sleep EEG (July 2004) was normal. JE was then doing an apprenticeship as an electrician. He did not spontaneously complain about his memory, nevertheless he admitted that it interfered a bit with his work when asked specifically about it. He specified that he could keep a new piece of information in mind for a few days but then it decayed after four days and was mostly not available afterwards. He often used his cell phone as a diary by entering memos and information he was afraid to forget.
Objectives of the Study
This case study aimed to answer the following questions: 1. Is it possible to confirm the presence of an autobiographic memory deficit as claimed by the family? And how can it be pinpointed when the first standard neuropsychological tests couldn't show it? What is the nature of such a deficit? 2. What is the relation between the memory deficit and the epileptic disease? If the deficit remains after surgery, how to explain the lack of complete compensation?
Method of Study
The type of questions that we raised about JE's memory problems needed different approaches:
(1) Standardised and adapted neuropsychological tests including quantified memory assessment, which are described below. It consisted of tests of executive and attention functions in order to exclude difficulties in these domains and their possible interference with the results on memory tests. We will only describe in detail the last assessment undergone at the age of 18 as we adapted the methodology to pinpoint his memory deficit which was not fully understood until then; we used different time intervals between the encoding process and the recall of the information. All available standardized tests included an encoding phase, followed by the free recall of the information usually occurring within 30 to 60 minutes. For our assessment, we used different time intervals between the encoding process and the free recall, ranging from 60 minutes to 29 days in order to evaluate the consolidation process more accurately.
(2) Tailor-made questionnaires to confirm the alleged autobiographical memory problems. Some were built with the parent's help to fit our patient's life (autobiographical questionnaire), some others were adapted or translated into French (meta-memory, personal semantics).
(3) Our patient's (dizygotic) twin brother YE took part in the study as a control subject. [11, 12] , verbal and non-verbal fluency tasks [12] , tower of Hanoï [13] . Attention skills: Conners continuous test [14] .
Tests and questionnaires used

Memory
General memory: French version of the children memory scale (mean 100, standard deviation 15) (CMS, [15] ).
Meta-memory:
French adaptation of the every day memory questionnaire [16] .
Short-term memory: Digit span, Corsi's visuo-spatial span.
Anterograde memory: Verbal: Rey's 15 words list [17] : encoding and free recall of 15 independent words. Story recall (CMS): the patient listens to two consecutive and independent stories, free recall. Paired words (CMS): the subject is presented orally with 14 pairs of words, some with a semantic link, some others without and has to learn the words in 3 trials. The experimenter gives him one of the words as a prompt and the subject has to recall the one that was associated with it (learning phase).
Visual: 15 drawings string [18] : memorisation of a string of 15 drawings in 5 trials. Rey's complex drawing [19] copy of a complex drawing, followed by free recalls.
Remote memory: Autobiographical memory: Questionnaire for autobiographical past events: JE's parents were asked to draw a long list of family events concerning both twins over a 6 year period (1998 -2004) . These events were then turned into a questionnaire (26 questions) which was completed by the neuropsychologist with each boy separately. Recall of personal episodic memories based on a cued word procedure: from a word, the subject is asked to recall a personal and episodic past event that is linked to the given word. The 10 words are very familiar such as car, flower, dog, etc. The event recalled must be episodic, i.e., it must have occurred only once and thus cannot be repetitive and must directly involve the subject.
Memory for public events: Questionnaire for public events: As there may exist a dissociation between autobiographical memory and memory for public events [20] , we built a questionnaire based on national (Swiss) and international important events that occurred between 2002 and early 2004 in which young adults are supposed to be interested (15 questions).
Semantic memory: Vocabulary (WAIS, [9] ): word definition generation. Information (WAIS, [9] ): questions of general knowledge. Verbal fluency: word generation in a given semantic category. Pyramids and Palm trees test [21] : linking pictures on a semantic or functional basis. Boston naming test [22] : object naming.
Personal semantics: Questionnaire about personal information: French adaptation of the Kopelman's questionnaire (1989) for children and young adults. The family tree: draw the family tree, with the name, date of birth and profession of all the members of the family as far as the subject can remember.
Results
Long-term follow-up: 8 years after surgery (18 y. o.) JE was 18 y. o. at that time and was currently following an apprenticeship as an electrician. His (dizygotic) twin brother YE, in good health and with no history of epilepsy nor febrile convulsions, was also assessed on several memory tasks. YE was a very bright high school student and chose science as his main topic in school.
General neuropsychological assessment (for JE only)
Intelligence was within the lower range of the norms (VIQ: 94, PIQ: 86, FSIQ: 90). Executive and attention skills were both normal, so were academic skills (reading, spelling, maths). No standard IQ test was deemed necessary for his brother who was a successful student.
Memory assessment: Comparison between twin brothers
Meta-memory: French adaptation of the everyday memory questionnaire: Our patient JE obtained 28 points and his brother YE 35 points, suggesting that both youngsters thought that their memory was reliable in the same way. As a matter of fact, JE did not complain much about his memory in everyday life and was quite unaware of his difficulty in retrieving some old events. He could only report having trouble learning new facts about electricity in his training and could even precise that he was able to recall that new information after a few hours but not after a few days. According to his parents, this was a source of chronic insecurity in daily life.
Short-term memory
Verbal and visuo-spatial spans in the upper range of the norms for JE, and in the normal range for his twin brother YE. Note: L1: first phase of the learning process, i.e first recall after the presentation of the material, L2: second phase of the learning process, and so on (L3, L4, L5). The 5 learning trials (L1 -L5) are performed one after the others in a row. Some tests allow one presentation of the meterial to be learned (story recall), others allow 3 presentations (paired and associated words : L1 -L3) or five (Rey's 15 word list : L1 -L5) Anterograde memory and consolidation ( Table 1) General: Children memory scale (CMS): JE's general memory quotient was in the normal range (MQ 100). All subscales were also in the normal range even though there were some differences among subscales with better performance for visual memory than verbal memory (learning 96, verbal immediate memory 90, verbal delayed memory 93, visual immediate memory 106, visual delayed memory 113). The data presented in Table 1 demonstrates a similar recall between both twins after a short period of time such as one hour. However, when an adapted methodology is chosen with a longer interval of time between encoding and recall, the difference between the twins is particularly striking regarding the recall after a delay of one week for the story recall, the paired and associated words test, Rey's 15 drawings test and for Rey's complex picture test. When it deals with verbal information, JE loses more data than his twin and more rapidly. Regarding visual information, YE's memory decays only minimally even after an interval of one month, whilst our patient JE keeps on losing data as time passes by.
Semantic memory
Data provided in Table 2 points out that semantic memory is less developed for our patient JE than for his twin only when a lexical component is involved (see vocabulary, verbal fluency, information) but not when object function is concerned (see Palm tree test). JE's weakness regarding semantic knowledge cannot be explained by a lesser exposure to general culture since it is usually admitted that underexposure to culture (which is obviously not the case here since both have the same parents of an upper socioeconomic class) is manifested by performance rated within one standard deviation (SD) from the mean, and here JE's score on the subtest Information is rated -3.5 SD and Verbal fluency -2 SD, which is a too large deviation to be explained by underexposure. (Table 3) Autobiographic memory: Questionnaire for autobiographical past events: JE could answer 50 % of the questions while YE could remember more personal information (73 %). Not only was the information more available in memory for YE but it was also more accurate as he could give more details about each situation he was asked about (see the richness index in Table 3 ). Recall of personal episodic memories based on a cued word procedure: JE could recall 7 personal episodic events out of 10 possible, when YE found two more. Both could give the same amount of details concerning the events. However, JE showed some trouble with dating his memories. JE was quicker in finding these memories and they were as episodic as his brother's. It may be suspected that YE was slower to recall personal events because he had a richer and more complex store of memories, hence taking more time to pick up one event among the others. Memory for public events: JE could answer 5/15 questions, whereas his brother YE could answer almost the double (11/15). JE's answers were also less precise and he gave fewer details than YE.
Memory for past events
Discussion
We report the long-term follow-up over 10 years of a boy suffering from a memory disorder in the context of temporal lobe epilepsy due to a dysplasia of the medial part of the left temporal lobe. At first it appeared, according to the standard memory tests available, that our patient's memory skills were in the normal range, i.e., he could recall a piece of information after a delay of a few hours. However, despite these apparently normal results, his parents insistently reported a poor recollection of autobiographic memories and difficulties at school for topics with a heavy memory load. Their observation was confirmed by our patient's poorer result on a remote memory questionnaire when compared to his twin brother (9 y. o.). The assessment carried out at the age of 18 with an adapted methodology managed to pinpoint his memory disorder and showed that he could recall new information perfectly well after some hours, but as the time interval widened, it decayed too fast. After a delay of one week, a true difference could be seen with his twin's recollection. This pattern suggests a problem in the consolidation process of memory, which cannot be pinpointed by usual memory tests because these are carried out within one day.
Forgetting after a few days is a normal process, and therefore it is difficult to know when a forgetting rate is abnormal and when it is not. We had the opportunity to assess this question since JE had a twin brother who took part in the study as a control subject. The finding that the recall of newly learned facts (at an interval of one week) and the recall of past events were affected in a similar way is an argument for a deficit in memory consolidation. There was no complete anterograde nor retrograde amnesia but a moderate deficit both for new information and for events that took place some time ago. The slight difficulties that JE showed in general semantic memory (knowledge for words and about the world) may be linked to the consolidation deficit since most of the semantic information shares some properties with episodic memory, at least in the first moments in which the information is learned or comes to one's perception. It is also possible that this deficit is quite independent of the hippocampus and is in relation with adjacent hippocampal areas, such as entorhinal and perirhinal cortices, which are the regions thought to be the store of semantic memory [23, 24] , areas that had been removed at surgery.
Consolidation is viewed as the progressive stabilisation of memory in a long-term store. This process may last for minutes (synaptic consolidation), days, months and even years according to some authors [25] . There are two models of memory consolidation, the difference being in the long-term involvement of the hippocampal formation in the retrieval of these memories. Normally, a new information/stimulus/event is first processed in the neocortical areas in link with the type of stimulus. Then, it is encoded by the hippocampal complex composed of the hippocampus, dentate gyrus and subiculum. The trace of the stimulus is reactivated a certain amount of times and links between the hippocampal formation and different areas of the neocortex are created and reinforced over time, this process being viewed as the consolidation process itself. Once the links between the hippocampus and the neocortex are well established and when the trace of the stimulus has to be retrieved again from memory, the theories differ as to nature of the role of the hippocampus. Some authors think that the hippocampal formation is always needed for this retrieval no matter how remote the memory is and that the hippocampal formation and neocortex interact over time influencing the content of knowledge in both systems [26 -30] . In this model, there is the creation of multiple related traces (therefore the model is called the multiple trace theory) that facilitates the extraction of some generic elements out of an episodic memory and integrates the parts that fit in the semantic memory store. For the recall of this very same event, the hippocampus will always be needed to give the spatial and temporal context of the event, whereas other areas of the neocortex will provide other types of information. The other model [31 -37] suggests that the mesial temporal lobe has only a temporary role in the encoding and consolidation phases and then its role is further taken over by the neocortex where the trace is "transferred" (for a review of this question, see [38] ). This conception is based on the idea that the hippocampus is essential for the rapid encoding of new information but then this data must spread into the neocortex to allow the extraction of generalities and the formation of concepts. This is based on the demonstration that neocortical damage, and especially frontal lobe pathology leads to remote memory deficit [39] (for animal studies, see [40, 41] ). According to McClelland [33] , the information cannot be transferred too quickly into another brain system since it would interfere with previous data, "dominate and erase previously acquired information". Therefore the consolidation process must be slow, gradual and long lasting.
There is still a debate in the literature between these two models of memory consolidation with data variably lending support to either one of the hypotheses. Our case presented here does not give an argument in favour of one or the other theory. On the other hand, it gives some further arguments for the modularity of the memory system and moreover into one memory subsystem. The modularity of memory is a well established fact [42, 43] and the dissociations between short-term and long-term memory, episodic and semantic memory are examples of it. But here, we show that the consolidation of newly learned information is possible for a certain period of time (hours) but fails after a longer interval. The learning and retrieval processes work but only in a certain timeframe. This is an argument for a "gradual" mechanism operating in consolidation such as proposed by McClelland [33] and for distinct subsystems within the consolidation process that have different timeframes.
There have been a few patients with consolidation deficit described in the literature, but only adults to our knowledge. Most patients presenting consolidation problems -without learning deficit and with a normal recall skill after a short period of time -had temporal lobe epilepsy [1, 3 -5] or temporal pathology of another aetiology [2] . The forgetting rate abnormality was spread from 24 hours to 13 days. These cases are of great interest with regard to the previous idea of a modularity of the subsystem of consolidation, giving evidence of different timeframes in which forgetting can still appear. The question that still remains is whether there are different circuits into the hippocampal formation that can explain this issue of timeframe.
The second question is what part of our child's memory deficit was linked to the epilepsy itself and its location or to its cause and what explains its persistence several years after epilepsy remission. The seizure semiology (complex partial seizures with olfactory auras), the left-sided epileptic EEG focus and corresponding temporal pathology on MRI, the total cessation of the seizures after the left temporal lobectomy are all consistent with a left mesial temporal dysfunction (with onset in the amygdala) as the cause of his epilepsy and associated memory problems. Symptoms were not those of typical mesial temporal hippocampal seizures but typical of onset in the amygdala, with an olfactory aura. Olfactory auras are predominantly due to the involvement of the amygdala, either as a primary focus or a relay station and most often due to a static mesial temporal pathology [44] . Human depth electrode recordings of seizures of mesial temporal onset have shown a large inter-and intrapatient variability as to focal onset and propagation within the temporolimbic system. Seizures beginning in the amygdala or parahippocampal gyrus are more likely to give rise to clinical manifestations than are focal-onset hippocampal seizures [45] . As concluded by Wennber et al. [45] , " the epileptogenic temporolimbic system may be conceptualized as a dynamic network containing a multiplicity of potential ictal generators". From these data, one can expect that memory circuits can be involved in cases of temporal lobe epilepsy, even though the main pathology is not located in memory structures and the hippocampal system is not the main site of ictal semiology.
The absence of any learning problem in JE's early childhood, the beginning of his memory problems coincident with the onset of epilepsy and its partial improvement after the epilepsy surgery, all suggest that the epileptic activity itself was a significant component of the memory deficit. In addition, after the surgery and the cessation of the epilepsy, a slight progress in visual memory was identified as well as the parents' observation of a better recollection for personal events. However, the persistence of memory problems 8 years after the successful treatment of the epilepsy needs another explanation. At that time, he had no antiepileptic therapy and there was no suspicion of residual seizures (normal EEG). Thus, it can be concluded that the remaining right temporal lobe has not completely compensated for his memory problem (crowding effect) or that some structurally invisible pathology exists on his supposedly healthy side or was produced during the active epilepsy period.
In conclusion, this case is of particular interest for different reasons. First, albeit memory disorders in children being wellknown, either as a dense anterograde amnesia [24] or as a semantic memory deficit [46] , however to our knowledge, a longterm consolidation deficit with normal recall after a few hours in a child has not yet been reported. Secondly, medial temporal lobe epilepsy without primary hippocampal pathology can lead to subtle memory disorders probably due to the temporal propagation of the epilepsy. Finally, the abnormal forgetting rate cannot be pinpointed by available standard memory tests, thus delaying the comprehension and the diagnosis of such difficulties. The implication for clinical practice would be that retrieval of newly learned information must be assessed after different time intervals. It is necessary to create new memory tests that are more ecological and more congruent with the theoretical conception of the consolidation process. If data demonstrates that memory consolidation is a long process that lasts more than a day, its assessment has to be in line with this idea. It can be expected that the memory problems of a certain amount of patients are underdiagnosed, hence non-treated, which has implications for academic success for children, education and neuropsychological rehabilitation. Moreover, non-diagnosed memory disorders very often lead to poor self-esteem and self-confidence.
